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Isolatio, ul aLablt hinucle.i (:opi)ir Complex (uvItaining a

Cupper-Copyr douded Unit. the X-ray SLructure UeLermination

1(7,8,15,16,1 7,18,25.26,33,34,35,36-Dodecahaydrotetrabtnzoie,m,s,a' L_

By Keith P.taivey and Peter A. "asker

(Department of Chemistry, The Polytechnic of North London, Holloway,

Loudon, N7 8DB)

Accession 'For_

Raymond Price IlTOs .O! a M IF
- - DTrC TAB

(CLe Organics tJivibion, Hexalon House, Blackley. Manchester 9 3DA) justI ftatl n"--

Wiliijm E. Hatfield and )oula: C. Brower Chapo/

(oepart~ent Of Chemistry, U niversity of North Carolina, Chagel Hill, Dist !Pcc -!I

NC 27514, USA

Summary. An v, La-azamacrocytI with a 28-uembered ring has been found

to bw vapable ol ncorporahing a symmetrical copper-copper bonded unit

which coatins a i slt Cu-Cu bond (2.445(4) X). The compound is

t.iramagnetic with elt - 1.87 vi at 300 K and exhibits singie line-

it g - 2.04 ;n tht X-band V.PR spectra ot solid sampler or of frozen

aceto,,Lli * it ,,- " 17 K).
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A number of dinucleating ligandb kiave been used 1 '2 recently to

bring two copper dtoms into close prox'mty, 9,us providing models

for the 'Type 3 Coppers' in the multi-c,.,pper oxdases.3 These copper

sites are characterized3 by an ability tv as two-electron acceptor/

donor systems, and contain two Cu2+ i,,n' li,-Ah are strongly antiferro

magnetically coupled. In most of these nodet systems the two copper
I 2

atoms are separated by bridges containing one or more atoms. We

report here the preparation of a dinuclear complex which contains a

direct Cu-Cu bond.

Treatment of a suspension of the octa-aza marocycle (1)4 in

tetrahydrofuran with a methanolic solution of copper(II) perchlorate

resulted in almost complete dissolution if (1). After filtration the

green solution slowly deposited green prisms of the title complex

[Cu2 (1)](C104 )3. The presence of a tricationic complex was unexpected,

and could have arisen either (1) by transfer of a single electron to the

dicopper centre, (2) by loss of one of the anilino protons from the

ligand (a common form of co-ordination for related tetra-aza macrocycles),

(3) by reduction of the copper ions and simultaneous mono-oxidation of the

macrocyclic ligand, or (4) from a bonded pair of copper(II) ions with a

reduced ligand. The second possibility can be excluded on the basis of

an X-ray structure determination which shows that all four anilino nitrogen

atoms have approximately tetrahedral geometry (figure 1), rather than i

trigtmal planar arrangement which has been found for the deprotonateti

anilino nitrogen atoms in the neutral complexes (2).

A magnetic momnt determination by the Faraday method on a solid

sample at room temyratvire -00 K) yielded ue . a 1.87 $1, thus confj--qing

the expected parmapetas' it the ICu2(1)13* formulation.
2n

i,0

!S



3

The two copper atoms have very similar coordination geometries

(table I) and the cation has approximate 2-fold symmetry about an axis

which passes through the midpoint of the Cu-Cu bond and relates the

ligand portion a to c and b to d (see figure 1). The similarity of

the environments of Cu(l) and Cu(2), and the short bond (2.445(4) )

between them suggest that the copper atoms should not be assigned

discrete formal oxidation states +1 and +2, but that the single unpaired

electron is delocalised over both metal centres, or that the metal centres

are identical and the unpaired electron resides on the ligand.

The EPR spectra at X-band of a powdered sample or of a frozen

acetonitrile solution (77 K) exhibited one line at g - 2.09 with a peak

line width of 80-90 gauss. These data do not unambiguously support the

immediate conclusions from the X-ray structural study that the copper

ions are equivalent and that this is a Type IIIA mixed valence compound.
7

The single line could arise from exchange narrowing between sites with

life times which are very short on the EPR time scale, or from inherently

narrow lines arising from isotropic, nuclear hyperfine coupling constants

on the order of 40 x 10 cm ,0 Js estimated from the line width. Such

small coupling constants are knowi for the "blue" copper proteins3 a.;

8
well as a variety of typical coordination compounds of copper(lI). It

is well established that 4s and 4p orbital admixture into the ground

state leads to small hyperfine coupling constants9 and single line EPR spe.ttra.

The magnetic susceptibility and EPR data clearly indicate that the

formulation of the compound as [Cu 2L](Cl0 4 ) 3 is correct, and the X-ray

structural results are most readily interpreted in terms of a copper-copper

bond since the Cu-Cu distance is very short10 for a dinuclear complex, and

compares with values found in otht metal-metal bonded systems.
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An ESCA spectrum was obtained with a PHI 548 spectrometer using

a magnesium anode and precision energy analyzer. A single copper

2P312 line at 935.6 eV and a 2 P3/2-2P/2 separation of 20.3 eV are

compelling pieces of evidence for the assignment of like oxidation

states to the two copper ions.

The compound undergoes facile reduction rapidly in a variety of

solvents including tetrahydrofuran-methanol solutions, but is relatively

stable in acetonitrile, thus permitting a range of electrochemical and

optical studies on a uniquely new chemical system.

Crystal data 0 H = 1010.2, monoclinic,

f~2 (l]1 4 ) 3 ' C3 6 H4 0 8 C13C 2 12'M

Cc, a - 22.577(7), b - 11.016(4), c - 20.909(8) R, 8 - 118.96(2)0,

V = 4550.0, Z - 4, 6-range 3-35 ° 0R - 0.080 for 1815 data with

I/o(I)>3.0, obtained on a Philips NW 1100 diffractometer with Mo-K

radiation (two of the perchlorate ions show extensive disorder).t

We thank the S. R. C. for a studentship (to KPD) and for diffracto-

meter equipment and computing facilities. This work was supported in

part by the Office of Naval Research.

*tThe atomic coordinates for this work are available on request from

the Director of the Cambridge CrystalloSraphic Data Centre, University

Chemical Laboratory, Lensfield Road, Cambridge CB2 13W. Any request

should be accompanied by the full literature citation for this

comun icat ion
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T~able~ L. Gnlcl tv I ln,ut the~ coppe~r C, 2. ')

Cu (2)

part I rr Ct b part

Bondlengths/k

Cu-N(1) 1.95(2) . (." -.. )j :2) 1.17(2)

Cu-N(2) 2.18(2) 2.20(2) .19(2) 2.15(2;

N(l)-Cu-N(2) 91.8 9) 92.5(7) 93.7(9) 92.2(b)

N' Cu-N( ' 154.8(7) - 158.0(9)

N(1W-Cu-NO) ' 0., 98.3(9) 101.2(9) 1O.o(8)

N(P-Cu-N,-, S(8) - 84.6(8)

N (1: -Cu-ru* 80.6(7) 78.7(7) 80.5(6-

N 'Cu- u*.. :8' I 129.0(5) 146.4(6)

(ItumIte; dn ato-m in the A . -nat lvq, qudity -(.r i'mdlH which .

u-urdiladted to tile sau* u o.ton.

- t ! s the Cu a.r ,n . ' ot r hal u, th. • ,. u,,[iex.



\/NH HN\

N N-

S-NH HN-b

N= \ Z

cu

(2a) R=

(2b)R
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